Introduction {#Sec1}
============

Sclerosing adenosis (SA) is a proliferative lesion that is commonly found in benign breast biopsies \[[@CR1]\]. It is a histologically complex entity that consists of enlarged and distorted lobules, containing duplicated and crowded acini, with prominent myoepithelium and stromal fibrosis (Fig. [1](#Fig1){ref-type="fig"}). The literature addressing the risk of breast cancer following a diagnosis of SA is limited. Jensen and Page studied 349 women with SA diagnosed between 1950 and 1968 and found a relative risk for breast cancer of 2.1 \[[@CR2]\]. Other studies, however, have found no increased risk in women with SA \[[@CR3], [@CR4]\]. To our knowledge, the underlying biology of SA is undefined. Utilizing the Mayo Benign Breast Disease Cohort, we studied the prevalence of SA and its relationship to defined risk factors for breast cancer. We also examined the risk of breast cancer in women diagnosed with SA who have been followed long term. A clear understanding of the risk associated with SA is needed to underlie recommendations for clinical management.Fig. 1×20 photomicrographs of sclerosing adenosis. **a** Large, central area of SA (*arrow*), with diameter larger than the normal lobular units pictured to the *right* (*arrow heads*). This SA would be classified as PDWA. **b** A lobular unit with sclerosing adenosis but without significant increase in its diameter (*arrow*): compare with normal lobular unit (*arrow heads*). This would be classified as NP

Materials and methods {#Sec2}
=====================

Study population {#Sec3}
----------------

The Mayo Benign Breast Disease Cohort originally included 9,038 women aged 18--85 years who had a benign breast biopsy at Mayo Clinic Rochester from January 1, 1967 to December 31, 1991 \[[@CR5], [@CR6]\]. Using the same inclusion/exclusion criteria \[[@CR5]\], we have extended the cohort through 12/31/2001, which now includes 13,434 women. Follow-up for breast cancer events, including both invasive cancer and ductal carcinoma in situ, and risk factor information, were obtained using the Mayo Clinic medical record, Mayo Tumor Registry and a study-specific questionnaire mailed to study participants or next of kin \[[@CR5], [@CR6]\]. Family history was classified as negative, weak, or strong. A strong family history included at least one first-degree relative with breast cancer before age 50, or two or more relatives with breast cancer, with at least one being a first-degree relative. Any lesser degree of family history was defined as weak \[[@CR5]\].

Histologic examination {#Sec4}
----------------------

Archival hematoxylin and eosin-stained sections from each participant were evaluated by a breast pathologist (DWV), who was unaware of the initial histological diagnoses and patient outcomes. For women who had more than one biopsy during this period, we used the earliest biopsy performed. Benign breast lesions were systematically classified according to the criteria of Dupont and Page \[[@CR7]\] into one of the following general categories: non-proliferative changes (NP), proliferative disease without atypia (PDWA), and proliferative disease with atypia (atypical ductal hyperplasia \[ADH\], atypical lobular hyperplasia \[ALH\], or both) \[[@CR5]\]. SA was defined as cellular lobulocentric proliferation of both epithelium and myoepithelium, consisting of compressed and crowded gland-like acini, usually associated with fibrosis (Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}). SA was included in the PDWA category if it was present in at least two lobular units, and at least one had a diameter greater than one (preinvoluted) normal-sized lobule (Fig. [1](#Fig1){ref-type="fig"}a); any lesser degree of SA was classified as NP, assuming no other proliferative lesions were present (Fig. [1](#Fig1){ref-type="fig"}b). Biopsies with SA were further characterized by whether individual SA foci were homogeneous or combined with columnar cell alterations (Fig. [2](#Fig2){ref-type="fig"}) \[[@CR8]\]. For a subset of the women with SA (those biopsied 1967--1991, *n* = 2,639), the number of foci of SA was recorded (1--3 vs \>3). The extent of lobular involution was assessed in the normal background breast lobules on a hematoxylin & eosin-stained slide. The degree of involution was classified into three categories: no involution (0 % involuted lobules), partial (1--74 % involuted lobules), or complete (at least 75 % involuted lobules) \[[@CR6]\].Fig. 2Mixed adenosis/columnar lesion. **a** Low-magnification (×100) view shows a markedly enlarged terminal duct lobular unit comprised of admixed microacini (adenosis)with larger cystic acini lined by columnar cells. **b** Higher-magnification (×200) photomicrograph of the same lobule highlighting columnar acini (*left*) and smaller microacini characteristic of adenosis (*right*). Microcalcifications are present

Statistical analysis {#Sec5}
--------------------

Data were descriptively summarized using frequencies and percents for categorical variables and means and standard deviations for continuous variables. We compared presence of SA across levels of categorical variables (including age at biopsy, year of biopsy, histological impression, extent of involution, columnar cell alteration, family history of breast cancer, postmenopausal hormonal therapy use \[HRT\], and parity) using *χ*^2^ tests of significance. All variables found in a univariate analysis to be associated with SA (*p* \< 0.05) were then included in a multivariate logistic regression analysis to assess associations independent of other effects.

The duration of follow-up was calculated as the number of days from biopsy of the benign lesion to the date of the diagnosis of breast cancer, death, prophylactic mastectomy, reduction mammoplasty, LCIS, or last contact. We estimated relative risks (RR) using standardized incidence ratios (SIRs) and corresponding 95 % confidence intervals (CIs), dividing the observed numbers of incident breast cancers by population-based expected counts. We calculated these expected counts by apportioning each woman's follow-up into 5-year age and calendar period categories, thereby accounting for differences associated with these variables. We used the Iowa Surveillance, Epidemiology, and End Results (SEER) registry \[[@CR9]\] as the reference population because of its demographic similarities to the Mayo Clinic population (80 % of cohort members reside in the upper Midwest). Over 95 % of our cohort was Caucasian, equivalent to that reported in Iowa census data during the study period \[[@CR5]\]. SIRs were calculated both overall and by subgroups defined by SA and other demographic and clinical characteristics. We assessed potential heterogeneity in SIRs across subgroups using Poisson regression analysis, with the log transformed expected event rate for each individual modeled as the offset term.

Results {#Sec6}
=======

Clinical and histologic characteristics {#Sec7}
---------------------------------------

There are 13,434 women in the Mayo Benign Breast Disease Cohort, with median follow-up of 15.7 years. Overall, SA was present in biopsies from 3,733 women (27.8 %); most of these \[(2,672/4,285 (62.4 %)\] were classified as PDWA. SA was present only focally in another 675 biopsies characterized as non-proliferative (18.1 % of all SA biopsies; 8.0 % of all NP biopsies). Of the 700 women with atypical hyperplasia, 386 (55.1 %) also had SA. Table [1](#Tab1){ref-type="table"} summarizes the association of SA with various clinical and histological parameters.Table 1Clinical and histologic characteristics by presence/absence of sclerosing adenosisOverall (*N* = 13,434)No (*N* = 9,701)Yes (*N* = 3,733)*p* value^a^*p* value^b^Histology\<0.0001\<0.0001 NP8,4497,774 (92.0 %)675 (8.0 %) PDWA4,2851,613 (37.6 %)2,672 (62.4 %) AH700314 (44.9 %)386 (55.1 %)Age at BBD diagnosis\<0.00010.7377 \<454,3753,432 (78.4 %)943 (21.6 %) 45--553,9432,602 (66.0 %)1,341 (34.0 %) 55+5,1163,667 (71.7 %)1,449 (28.3 %)Year of BBD\<0.0001\<0.0001 1967--19814,2993,205 (74.6 %)1,094 (25.4 %) 1982--20019,1356,496 (71.1 %)2,639 (28.9 %)Involution\<0.0001\<0.0001 Unknown^c^1,2491,115134 No2,2501,642 (73.0 %)608 (27.0 %) 1--74 % TDLU6,6334,116 (62.1 %)2,517 (37.9 %) \>75 % TDLU3,3022,828 (85.6 %)474 (14.4 %)Columnar cell alteration\<0.0001\<0.0001 No8,9638,391 (93.6 %)572 (6.4 %) Yes4,4671,306 (29.2 %)3,161 (70.8 %)Family history of breast cancer\<0.00010.0365 Unknown858684174 None7,5065,485 (73.1 %)2,021 (26.9 %) Weak3,3392,362 (70.7 %)977 (29.3 %) Strong1,7311,170 (67.6 %)561 (32.4 %)HRT use\<0.00010.8649 Unknown3,9933,046947 Never used HRT4,1993,134 (74.6 %)1,065 (25.4 %) Used HRT5,2423,521 (67.2 %)1,721 (32.8 %)Number of children\<0.00010.3792 Unknown3,4222,626796 Nulliparous1,3991,042 (74.5 %)357 (25.5 %) 11,064781 (73.4 %)283 (26.6 %) 22,9852,146 (71.9 %)839 (28.1 %) 3+4,5643,106 (68.1 %)1,458 (31.9 %)Numbers may not add to total number of subjects due to missing values for some variables^a^ *p* value from *χ* ^2^ test^b^ *p* value from multivariate logistic regression adjusting for age, year of BBD, histology, involution, columnar call alteration, family history, HRT use, and number of children. Only variables univariately significant were included in the multivariate analysis^c^No normal terminal duct lobular units present on the slide, so involution could not be assessed

SA was most common in women aged 45--55 years (34.0 %), versus 28.3 % of women greater than 55 years or 21.6 % of women less than 45 years (*p* \< 0.0001, Table [1](#Tab1){ref-type="table"}). Biopsies performed in the post-mammography era (1982--2001) were somewhat more likely to contain SA than those biopsied before 1981 (28.9 vs 25.4 %, *p* \< 0.0001). SA was commonly seen in association with columnar cell alterations, another lesion in the category of PDWA, and these often occurred together in the same terminal duct lobular unit (TDLU). Specifically, of the 3733 women with SA in the cohort, 3,161 (84.7 %) also had columnar cell alterations. SA occurred commonly in biopsies with atypical hyperplasia, with similar frequency for ADH and ALH, (52.6 and 56.5 %, respectively, *p* = 0.31; Table [2](#Tab2){ref-type="table"}). Examining the presence of SA by extent of lobular involution, SA was significantly less frequent in women with complete lobular involution (*p* \< 0.0001).Table 2Association of sclerosing adenosis and other risk factors with risk of breast cancerCharacteristicSA absentSA present*p* valueNo. womenObserved eventsExpected eventsSIR (95 % CI)No. womenObserved eventsExpected eventsSIR (95 % CI)Overall9,7017785111.52 (1.42, 1.63)3,7334582182.10 (1.91, 2.30)\<0.0001Histology NP7,7745524131.34 (1.23, 1.45)67559421.39 (1.06, 1.79)0.7840 PDWA1,613166841.99 (1.70, 2.31)2,6723111581.97 (1.76, 2.21)0.9514 AH31460144.16 (3.18, 5.36)38688184.76 (3.82, 5.86)0.4206Type of atypia ADH1482673.85 (2.51, 5.64)1643784.80 (3.38, 6.61)0.3867 ALH1462773.91 (2.57, 5.69)1904594.87 (3.55, 6.52)0.3606 ADH and ALH17618.59 (3.15, 18.69)27614.72 (1.73, 10.26)0.3024Age \<453,4322221291.72 (1.50, 1.96)94391432.12 (1.71, 2.60)0.1004 45--552,6022571661.55 (1.37, 1.75)1,341194872.24 (1.94, 2.58)0.0001 \>553,6672992161.38 (1.23, 1.55)1,449173891.94 (1.66, 2.25)0.0005Involution None1,642142771.85 (1.56, 2.18)60889332.67 (2.14, 3.28)0.0076 Partial4,1163602331.55 (1.39, 1.72)2,5173131532.04 (1.82, 2.28)0.0004 Complete2,8281641561.05 (0.90, 1.23)47437261.43 (1.01, 1.97)0.1049Columnar alteration Absent8,3916434481.43 (1.33, 1.55)57260321.88 (1.43, 2.41)0.0559 Present1,306134622.15 (1.80, 2.55)3,1613981872.13 (1.93, 2.35)0.9393Family history None5,4853672931.25 (1.13, 1.39)2,0212101191.77 (1.54, 2.02)\<0.0001 Weak2,3622411301.85 (1.62, 2.10)977144592.46 (2.07, 2.90)0.0078 Strong1,170149682.18 (1.84, 2.55)561100352.85 (2.31, 3.46)0.0399SIRs compare the observed number of breast cancer events with the number expected on the basis of Iowa SEER Data. All analyses account for the effects of age and calendar period

SA was more common in women with a strong family history of breast cancer \[32.4 vs 26.9 % of women with no family history (*p* \< 0.0001)\], in women who used HRT (*p* \< 0.0001), and in parous women (*p* \< 0.0001). The presence of SA was not associated with body mass index (data not shown). In multivariate analysis, associations between presence of SA and age, HRT use and parity attenuated to the point of non-significance, whereas SA remained significantly associated with major histologic category of BBD, year of benign biopsy, degree of involution, columnar cell alterations, and family history.

Association of histologic and clinical features with subsequent breast cancer risk {#Sec8}
----------------------------------------------------------------------------------

As a whole, the cohort of 13,434 women with BBD was at increased risk of breast cancer (SIR 1.69 \[95 % CI 1.60--1.79\]) compared to the reference general population. Across the entire cohort, women with SA had a higher risk of developing breast cancer (SIR 2.10, 95 % CI 1.91--2.30) than those without SA (SIR 1.52, 95 % CI 1.42--1.63, test for heterogeneity *p* \< 0.0001, Table [2](#Tab2){ref-type="table"}). However, when running subset analyses within the major histologic categories of non-proliferative disease, PDWA, or atypical hyperplasia, the presence of SA did not provide further risk stratification (Fig. [3](#Fig3){ref-type="fig"}). Specifically, the SIRs for these three histologic categories, with or without SA were: NP, 1.39 versus 1.34, *p* = 0.78; PDWA, 1.97 versus 1.99, *p* = 0.95; and AH, 4.76 versus 4.16, *p* = 0.42 (95 % CIs in Table [2](#Tab2){ref-type="table"}). Of note, SA did stratify risk for subsets of women defined by other features, including age at BBD, extent of normal lobular involution, and family history (Table [2](#Tab2){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}), suggesting that the risk associated with SA is independent of these other factors. For example, women aged 45--55 years at initial biopsy with SA had SIR 2.24 (95 % CI 1.94--2.58), versus SIR 1.55 (95 % CI 1.37--1.75, *p* = 0.0001) for those without SA. For women over 55, the corresponding SIRs are 1.94 (95 % CI 1.66--2.25) with SA versus 1.38 (95 % CI 1.23--1.55) without. Crossing involution status by the presence or absence of SA yielded distinct risk groups: women with no involution and SA had SIR 2.67 (2.14--3.28) versus those with complete involution and no SA \[SIR 1.05 (0.90--1.23)\]. Examining SA by family history categories, there was similar stratification: women with no family history and no SA had SIR 1.25 (95 % CI 1.13--1.39) versus 2.85 (2.31--3.46) for those with a family history and SA. When columnar alteration was present, SA did not provide further risk stratification; however, when columnar alteration was absent, the presence of SA appeared to increase risk \[1.88 with SA vs 1.43 without (*p* = 0.056)\].Fig. 3Risk factor interaction profiles for sclerosing adenosis, comparing the number of events observed with the number expected. **a** Age and sclerosing adenosis, **b** Histology and SA, **c** Extent of lobular involution and SA, **d** Columnar cell alterations and SA, and **e** Family history and SA

Further, we examined whether the presence of an admixture of SA and columnar cell alterations on the same slide, as opposed to their being present on different slides, might be associated with a differing level of risk, but no difference was seen (data not shown). Regarding the risks by number of foci of SA, 1,817 women had 1--3 foci of SA with SIR 1.89 (95 % CI 1.66--2.16) and 822 women had \>3 foci with SIR 2.27 (95 % CI 1.88--2.72), *p* = 0.12.

Discussion {#Sec9}
==========

In this study based in the Mayo Benign Breast Disease Cohort, we demonstrate that SA is common, occurring in 27.8 % of all benign biopsies, and in nearly two-thirds (62.4 %) of women with PDWA. When considering any type of benign breast biopsy, SA is associated with an increased risk of breast cancer (SIR 2.10 vs 1.52 when SA absent). However, if women have other types of proliferative disease or atypical hyperplasia, then the co-existence of SA does not provide further risk stratification. When examining subsets of women differing by age, involution status, and extent of family history, however, the presence of SA does convey independent risk information (Fig. [3](#Fig3){ref-type="fig"}; Table [2](#Tab2){ref-type="table"}). Thus, given the commonality of SA, its recognition on benign biopsies may serve to enhance risk prediction.

The identification of increased cancer risk for patients with SA suggests that tumorigenic alterations may be associated with the pathogenesis of this lesion. Histologically, SA is a complex proliferative alteration, comprised of enlarged lobules, containing duplicated, crowded acini \[[@CR2]\]. Although the cellular composition can be difficult to appreciate due to architectural distortion, the acini in SA include abundant myoepithelial, in addition to luminal epithelial cells (Fig. [2](#Fig2){ref-type="fig"}). The process is usually accompanied by stromal fibrosis. As such, SA combines proliferation of epithelial, myoepithelial, and mesenchymal cells, which differs from the more homogeneous proliferation of luminal epithelial cells seen in usual ductal hyperplasias \[[@CR1]\]. This concurrent aberration of epithelial and mesenchymal compartments in SA appears to set the stage for a higher likelihood of subsequent malignancy. There are likely phenotypic changes in these cells resulting from microenvironmental signals that stimulate progression to more advanced stages of BBD or carcinoma \[[@CR10]\]. It has been shown that myoepithelial cells in DCIS show decreased expression of genes involved in normal cell function and increased expression of genes that stimulate proliferation, migration, invasion, and angiogenesis \[[@CR11]--[@CR13]\]; similarly, DCIS-associated mesenchymal cells can drive progression to invasive disease through deposition and modification of extracellular matrix molecules and through recruitment of other stromal components \[[@CR14], [@CR15]\]. In benign tissue, we have found that some molecular mediators associated with poor prognosis for patients with DCIS are also associated with future cancer risk, including COX2 and Ki67 in atypia \[[@CR16], [@CR17]\]. Our finding of increased breast cancer risk associated with SA suggests that key pretumorigenic alterations are already occurring in some of these patients. Identification of those alterations associated with progression to cancer could advance risk prediction for women with SA, and provide insight into driving early events in breast carcinogenesis.

The prior literature examining SA as a risk factor for breast cancer is limited and contradictory. Jensen and Page identified 349 women with SA diagnosed on breast biopsies in Nashville, TN, obtained between 1950 and 1968 \[[@CR2]\] and reported that these women were at increased risk of breast cancer (relative risk for invasive breast cancer 2.1) compared to similar-aged women in the general population. In the subset of 21 women with both SA and AH, the relative risk was 6.7 (95 % CI 2.53--17.95). When they excluded women with co-existent atypical hyperplasia, the relative risk for the SA group decreased to 1.7. Shaaban et al. \[[@CR3]\], using a case--control design, followed 67 women with SA and found no evidence of an increased risk of later breast cancer. Kabat et al. also used a nested case--control study to evaluate the breast cancer risk of several benign lesions including SA. In 298 women with SA, they saw no increased risk of subsequent breast cancer \[[@CR4]\]. Ashbeck et al. \[[@CR18]\] examined benign breast biopsy diagnoses in the New Mexico Mammography Project and observed a hazard ratio for breast cancer of 2.28 (95 % CI 1.64--3.17) in patients with SA. In that study, however, histologic diagnoses were abstracted from the text of archival pathology reports and not confirmed by central pathology review.

With this cohort of 3,733 women with SA, we were able to study clinical and histologic features associated with its occurrence. We show that SA is common, found in just over one-fourth of benign breast biopsies. SA is more frequent in women with a family history of breast cancer and in those where lobular involution has not been initiated or is still ongoing. Most SA occurs with columnar cell alterations, another component of proliferative breast disease. Notably, SA is also seen commonly with atypical hyperplasia.

The extent of SA can vary considerably, from a microscopic focus smaller than a normal lobule to a confluent process that may resemble malignancy by virtue of marked cellularity. While generally the amount of SA present is sufficient to classify the lesion as proliferative, we also made note of only focal evidence of SA, placing such small lesions in the non-proliferative category. Importantly, when only such a small area of adenosis was present, we saw no evidence that risk was elevated beyond that of other non-proliferative findings (Table [2](#Tab2){ref-type="table"}). This is comparable to findings with usual ductal hyperplasia, where only a mild degree of hyperplasia is categorized as non-proliferative. Our comparison of number of foci of SA (1--3 vs \>3) did not show a significant difference in risk, but our approach may not adequately address the risk of greater versus lesser volume of SA, where a single focus can extend over a sizable area.

In summary, SA is a unique histologic finding that reflects an abnormal breast tissue bed, with disturbances of both the epithelial and mesenchymal compartments. In this large cohort study, we show that adenosis is found in 28 % of all benign biopsies and, as a single feature, is associated with a doubling of risk of breast cancer. The presence (or absence) of SA can help stratify risk of breast cancer in groups of women defined by clinical features such as age or family history. Further study of SA is merited as a recognizable tissue anomaly associated with the later development of breast cancer. In addition, making note of its presence or absence may aid risk prediction efforts for women with benign breast biopsies.
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